In this paper, a weighted intensity hue saturation transform (WIHS) is proposed for image enhancement and pansharpening. The proposed transform obtains the intensity component of the classical intensity hue saturation (IHS) transform, by weighting the bands (red, green, and blue) of the image, whereas the hue and saturation components remain 
Introduction
Colors are usually described as red (R), green (G), and blue (B) (RGB coordinate system), or by their linear transformations that change the perception of the color [1, 2] . In certain applications, it is useful to describe colors in a cylindrical coordinate system. This coordinate system contains hue (H), saturation (S), and values that represent intensity (I) (intensity, hue, and saturation, IHS) [2] . There are variations of this coordinate system such as HSI [3] , and hue, saturation, and value (HSV) [4] . The HSV system [4] calculates the intensity (in this case, the value) component (V) by taking the brightest pixel of the three bands of the input image. Saturation is calculated by using the V component and the minimum pixel values of the bands of the input image [4] . Hue is calculated according to the band with the maximum value [4] . The hue, luminance, and saturation (HLS) method [4] calculates the intensity (here, luminance) component by taking the average of the minimum and maximum pixel values of the input bands. Hue component is the same as the HSV. Saturation is lower if the luminance value is higher and vice versa [4] .
The main disadvantage of both HSV and HLS systems is that they do not take one band of the image into consideration. Therefore, the calculated intensity component contains information from a single band or two bands.
The IHS system [2] calculates the intensity component as the average of the pixel values, which is more acceptable than HSV and HLS. An alternative version of IHS, known as the HSI system [3] , calculates the * Correspondence: huseyin.kaplan@erzurum.edu.tr intensity component as in the IHS system, except the hue and saturation are derived differently. The Luma component, which is generally used for digital TV applications [5] , is calculated by unequal weighting of the bands [5] .
In our paper, a weighted intensity hue saturation (WIHS) and inverse transform (IWIHS) are proposed. Since the aim of the weighting is to keep more information from the color image, the weights are determined by a coefficient derived from the range of the pixel values and the standard deviation of the corresponding band.
IHS is widely used in image processing. There are several IHS-based color image enhancement techniques [2, [6] [7] [8] . In [2] , the color image is transformed into IHS domain; then histogram equalization is applied to the intensity component. Finally, the enhanced image is obtained by inverse IHS transform using this equalized intensity component. With the method described in [2] , it is possible to obtain higher contrast images; however, the color is not consistent [6] . Several methods have been proposed to address this problem. In [6] , a spacevariant luminance map-based color image enhancement (SVLM) method was proposed. With this method, the intensity component of the YIQ image model is used as the input of the enhancement process; then a space variant luminance map is obtained from this intensity component [6] . The luminance map is then processed with luminance enhancement and contrast enhancement methods [6] . Finally, the enhanced RGB image is obtained using enhanced contrast and luminance [6] . Recently, a color image enhancement method, based on a histogram specification method with brightness preservation (BPHS), was proposed [7] . In this method, the histogram specification is obtained by preserving the brightness profile of the input image. Another enhancement method, proposed in [8] , uses morphological filters followed by Weber's law (BBS). In this method, morphological operators are used to detect low lumination in the image. Then the image background is analyzed by dividing the image into blocks. Finally, the enhanced image is reconstructed from these blocks. This paper proposes two different color image enhancement schemes, based on the recommended WIHS. The first method replaces the classical IHS transform of [2] with the proposed WIHS transform, followed by histogram equalization. The second method replaces the YIQ intensity component of the method described in [6] with the proposed WIHS. The visual and quantitative comparisons demonstrate that the proposed weighting scheme obtains better enhancement results.
IHS is widely used in remote sensing applications such as pansharpening [9] [10] [11] [12] . Pansharpening is the fusion of the multispectral (MS) image with high spectral quality, and panchromatic (PAN) image with high spatial quality, to obtain a single MS image with both high spatial and high spectral quality. The first usage of IHS transform for pansharpening is only for three bands [9] . Since multispectral images generally consist of more than three bands, the method in [9] is extended and generalized in [10] . The problem of the intensity component for pansharpening is that the method is effective only if the correlation between the intensity and PAN images is high [10] . Since the correlation between PAN and intensity images is generally low, the resulting pansharpened image has low spectral quality, even though it has high spatial quality. Recently, different-weighted schemes for IHS-based pansharpening were proposed in [11, 12] . In [11] , the weights are determined by minimizing the spectral distortion of the pansharpened image. After obtaining the intensity component, an edge matrix is obtained adaptively from both MS and PAN images. Although this method obtains better results, the adaptive process has high computational cost. Another pansharpening method, based on IHS, calculates the weights so that the intensity component is closer to the PAN image, by minimizing the mean square error between the component and PAN images [12] . In order to reduce the noise in the image, an edge-preserving bilateral filter is applied before the fusion process.
In this paper, a pansharpening method, based on WIHS, is proposed. In this method, the intensity calculation given in [8] is replaced by the proposed WIHS. The proposed method calculates the weights in a simpler manner than the methods given in [11] and [12] . The proposed pansharpening scheme is compared with the classical IHS-based methods. The visual and quantitative comparison show that pansharpening with the proposed weighting scheme has better results than the former methods.
The rest of the paper is organized as follows. In Section 2, the intensity calculations of several color spaces are described. In Section 3, the proposed WIHS and IWIHS transforms are introduced. In Section 4, the application of the proposed method for color image enhancement and pansharpening algorithms is presented and compared to the IHS-based methods. Finally, the paper is concluded in Section 5.
Review of color spaces
The value (V) component of the HSV color space model is the brightest pixels of the input bands. The H and S calculations can be found in [3] .
The L component of the HLS model is equal to the average of the brightest and darkest pixels of the input bands. The HLS model takes into consideration both the darkest and the brightest pixels; however, it does not consider the remaining middle valued ones. The calculations of S and H are the same as with HSV [3] .
The IHS model takes the average of the three bands of the input image. Among the three methods, only IHS uses all three bands.
There are intensity calculations in which all three bands are used. Nevertheless, the weight of the color bands is unequal, such as with Luma [5] .
The calculation in [5] is generally used in digital TV applications, and the Luma system uses the assumption of high brightness of the color green [5] .
The difference between the value calculations can be seen in Figure 1 . The original image is shown in Figure 1a , whereas the intensity components of the different methods are shown in Figures 1b-1e.
The results shown in Figure 1 demonstrate that the intensity components of IHS and Luma maintain the image properties better than HSV and HLS, which means that the use of all three bands for calculating intensity is more appropriate. Moreover, Luma demonstrates better results. Therefore, the weighting should not be equal for every band of the image.
Proposed weighted IHS transform

Weighted intensity hue saturation transform
The classic IHS transform formula is given in Eq. (2): The inverse IHS transform formula is given in Eq. (3):
It is well known that the classical intensity calculation, based on equal weighting of the bands, yields distortions in the image processing applications [6, 9, 10] . In this work, a data-dependent weighting is proposed.
Before the determination of weight, the proposed WIHS transformation is described. Letw R , w G , and w B be the weight of the R, G, and B bands, respectively. The intensity for the proposed WIHS is calculated as
Then the IHS and inverse IHS transforms, given in Eqs. (2) and (3), will be modified as
The sum of the weight determined has to be equal to 1 in order to guarantee perfect reconstruction of the original image. The mathematical expression given in Eq. (5) is the proposed WIHS transform, and the expression in Eq. (6) is the IWIHS transform.
Determination of weight
Since the aim of the proposed weighting is to preserve the information in the original image, the band containing more information should have a higher weighting coefficient. The information in a band can be assumed to be higher if the difference between the maximum and minimum valued pixel is higher. Therefore, weight can be determined according to Eq. (7).
The difference between the classical IHS, the Luma component, and the proposed WIHS can be seen in Figure  2 . The first original image shows that the brightest values are in the blue band. Therefore, the weight of the corresponding band should be smaller, in order to include the information of the red and green bands. Therefore, the unequal weighting of the bands is better than the classical intensity calculation. The preserved information is higher in the proposed method than in the Luma method.
However, above-weighting will not always be suitable, because the brightness interval is not enough to determine the information level of an image. Assume that the B band of an image has the highest brightness interval, which increases the weight of this band according to the weighting calculation given in Eq. (7). However, it is possible that the R and G bands may contain more information than the B band. Therefore, the weight of the B band should be reduced, whereas the weights of the R and G bands should be increased. To achieve this purpose, the standard deviation of each band is added to the weighting calculation:
where σ i is the global standard deviation of the i th band. It is well known that higher standard deviation means that the pixel values are widely spread. Wider pixel values mean that useful information is higher in the image. Therefore, adding the standard deviation to the weighting calculation will make the weighting process more suitable. In order to see the weighting process for different colors at the same luminance, the intensity components calculated for the Monet image [13] are shown in Figure 3 . Since the Monet image has similar lumination for different colors, the results for IHS and the proposed WIHS method are better than for Luma, as expected. A closer look demonstrates that the proposed method is slightly better than the IHS method.
There are many possible alternatives to weight selection, such as considering the entropies of the bands. However, after testing the weight over known image data sets, the optimal weights have been chosen as shown in Eq. (8) . 
Application to image processing
Application to color image enhancement
There are several color image enhancement techniques in which the enhancement process is applied to the intensity component of the image [2, 6] . The proposed method is applied to the input images alongside traditional enhancement methods.
In order to make an objective comparison, objective evaluation metrics, given in [2, [14] [15] [16] , are used.
The contrast measurement (CM) metric, described in [14] , gives the contrast evaluation of the images as follows: CM = 10 log 10 Cn,
where Cn is
Here M and N are the weight and height of the image, respectively, and I(m, n) is the pixel value at location (m, n). A greater CM value indicates a larger dynamic range, which means that the image has higher contrast.
The brightness error (BE) metric [2] calculates the brightness error between the original and enhanced image.
Here I in and I enh are the pixel values for the input and enhanced images, respectively. Since one of the purposes of image enhancement is to preserve the mean brightness of the input image, the smaller BE value indicates better preservation of mean brightness.
Colorfulness (C) is a metric for determining the color distribution of the RGB image [15] .
where σ rgb = √ σ 2 rg + σ 2 yb and µ rgb = √ µ 2 rg + µ 2 yb with rg = R − G and yb = (R + G)/2 − B . The higher C value indicates richer color content.
Entropy (E) [16] is an information measure used for enhanced image evaluation. Entropy can be calculated as follows:
A higher value of E means that the enhanced image contains more and more random information. Therefore, the higher E value means that the pixel values are distributed more randomly, which can be assumed as contrast improvement.
The method described in [2] applies the enhancement process to the intensity component of the classical IHS transform. Instead, the proposed intensity component is used for enhancement. Figure 4a shows the original image (available at http://sipi.usc.edu/database/). Figures 4b and 4c show the enhancement results obtained with the IHS and WIHS methods. Figure 4 demonstrates that the colors are preserved better in the proposed method, in addition to having higher contrast.
The second enhancement method is the space-variant luminance map-based image enhancement method (SVLM), described in [6] , which uses the intensity component as an input to the method. Here the intensity is calculated with different weights:
This method calculates four different images from the intensity image by down-sampling, followed by a Gaussian low pass filter and up-sampling [6] . The obtained images are summed up and normalized, and the result is referred to as luminance. By using this new luminance, gamma correction and contrast enhancement are applied [6] . Finally, the restored image is obtained by using the original image, gamma correction, and contrast enhancement results [6] .
Instead of (14), the proposed intensity calculation is used to enhance the images. We refer to this method as WIHS-SVLM. Figure 5a shows the original image to be enhanced, and Figures 5b-5e show the enhanced images using the SVLM [6] , BBS [8] , BPHS [7] , and WIHS-SVLM methods, respectively.
A zoomed version of the area inside the yellow rectangle is shown in the blue rectangle, whereas the zoomed version of the red rectangle is given inside the green rectangle. A careful inspection of Figure 5 shows that the BBS method suffers from blocking artifacts over the nose shown in the green rectangle, whereas the BPHS method blurs the trees shown in the blue rectangle. As can be seen inside the blue rectangle, the color of the trees is brighter with WIHS-SVLM and the general contrast of the figure is higher.
The quantitative comparisons of the methods for Figure 5 are given in Table 1. According to Table 1 , the proposed method outscores the aforementioned methods across all metrics. Therefore, the proposed method preserves brightness more effectively and increases the contrast. For further comparisons, image data sets (available at http://www.cs.sfu.ca/∼colour/) are used. Selected images are shown in Figure 6a . Enhancement results for SVLM [6] , BBS [8] , BPHS [7] , and WIHS-SVLM methods can be seen in Figures 6b-6e , respectively. As seen in Figure 6 , the contrast of the BBS method is too low. The BPHS method loses the color information of the left book, even though its overall contrast is higher. SVLM and the proposed methods are both readable and have higher contrast. A closer look demonstrates that the proposed method is slightly better than the SVLM method for the books image. The cloth image, shown in Figure 5 , is well enhanced for the SVLM, BPHS, and WIHS-SVLM methods. However, the BPHS method distorts the color information, although it has a higher contrast. The WIHS-SVLM and SVLM methods have better brightness preservation, while increasing the contrast. The quantitative comparison of Figure 6 is given in Table 2 . According to Table 2 , the highest contrast is achieved with the BPHS method. The proposed method has the best scores for BE, C, and E metrics, which means that brightness is preserved better for the proposed method, whereas the resulting image is more colorful and contains more information. For the cloth image, SVLM has higher contrast than the proposed method.
The proposed WIHS-SVLM method has additionally been applied to outdoor images (available at http://imagedatabase.cs.washington.edu/). Selected images from the database are shown in Figure 7a . Enhancement results for SVLM [6] , BBS [8] , BPHS [7] , and WIHS-SVLM methods can be seen in Figures 7b-7e , respectively.
In Figure 7 , the contrast of the BBS method is too low. The BPHS method distorts the color of the sky excessively, even though its overall contrast is higher. Both SVLM and the proposed methods have higher contrast and better preserve the color information. The clock tower is well enhanced with the SVLM, BPHS, and WIHS-SVLM methods. However, the BPHS method distorts the color information in the sky and the contrast appears to be lower. The WIHS-SVLM and SVLM methods have better brightness preservation when increasing the contrast. The quantitative comparisons of Figure 7 are given in Table 3 . According to Table 3 , the highest CM value is achieved with the BPHS method for the Cambridge image, whereas the proposed method is the highest for the clock image. For the Cambridge image, SVLM and the proposed method have the highest and closest values for all metrics, which means that the brightness is preserved better for these methods and the resulting images are more colorful and contain more information. For the clock image, the proposed method obtained slightly better results than the SVLM method.
Both quantitative and visual comparisons lead us to conclude that the proposed weighted intensity calculation is superior to the former methods.
Application to pansharpening
Pansharpening is the fusion of the multispectral (MS) and panchromatic (PAN) images. The aim is to obtain an MS image at the resolution of the PAN image. The MS image generally contains more than three bands; therefore, the intensity calculation should be extended to include those bands. In addition, since the determination of the weights for regular images is made according to their intensity value interval, for remotely sensed MS images the spectral range interval of the corresponding sensor is used.
Here SR i is the spectral interval of the i th band of the MS image obtained from the spectral range of the corresponding sensors.
The equal weighting of the bands yields distortions and loss of information in the pan sharpened image. Therefore, the use of the proposed intensity component is expected to obtain better results than the classical intensity calculation.
Quickbird images used for enhancement are available at http://glcf.umd.edu/data/quickbird/. One of these images is used for comparison. Both PAN and MS images are degraded following the Wald protocol [17] , in order to obtain a pansharpened image at the resolution of the original MS image.
The original Quickbird MS image and degraded PAN image can be seen in Figures 8a and 8b , respectively, whereas the pansharpening results for classical IHS [10] and proposed WIHS methods are given in Figures 8c  and 8d , respectively. Figure 8 concludes that the proposed method preserves the color information better than the IHS method, which is a drawback of the IHS-based pansharpening.
Original IKONOS MS images are available at http://glcf.umd.edu/data/ikonos/. Images selected from the databases are degraded with Wald protocol [17] , and the degraded PAN image can be seen in Figures 9a and  9b , respectively, whereas the pansharpening results are given in Figures 9c and 9d . The IHS method specified for IKONOS images, given in [10] , is used alongside the proposed method. The proposed method is slightly better than the method given in [10] .
In order to make an objective comparison, the quantitative metrics described in [18] [19] [20] are used. The relative global dimensional synthesis error (ERGAS) [18] is a global error measure. The structural similarity index (SSIM) [19] , which measures the similarity of two images, is calculated between the original MS and pansharpened MS images. The spectral angle mapper (SAM) [20] is an error measurement that is calculated between the angles of the spectral bands. The quantitative results for Figures 8 and 9 are given in Table 4 . Both visual and quantitative comparison results demonstrate that the proposed WIHS method is better for pansharpening applications.
Conclusion
In this paper, a WIHS is proposed. The transform does not change the hue and saturation calculations of the classical IHS method, and the intensity component is calculated in a data-dependent weighting manner. The weights for RGB images are calculated according to each band's pixel value interval and standard deviation. For remote sensing applications, the weights are determined by the sensors' spectral intervals. The proposed WIHS transform is applied for color image enhancement and pansharpening. Since the weight selection for intensity calculation is data-dependent, the results are expected to be better than those of the classical methods. As expected, the visual and quantitative comparisons lead us to conclude that the proposed weighted intensity calculation is better than conventional calculations. Therefore, WIHS can be used for several image processing algorithms using the intensity component. 
